Introduction
Crystal engineering of metal complexes, especially coordination polymers (CPs) frequently termed as metal-organic frameworks, is currently of great interest due to their fascinating structures as well as potential performances in adsorption/separation, optics, magnetism, and catalysis [1 -10] . However, to rationally and predictably prepare the desired crystalline products is still a challenge, as it depends, among others, on the structural characteristics of the ligands [11 -13] , the coordination geometry of metal ions, the pH, and the solvents [14 -16] . For mixedligand CPs, polycarboxylate and bipyridine components represent the most reliable building blocks which can be readily applied to synthesize a wide range of coordination networks. To date, terephthalate (benzene-1,4-dicarboxylate, BDC) has been widely utilized to fabricate coordination polymers based on paddlewheel units with robust networks and attractive properties as porous materials [17 -26] . Derivatives of BDC with selected substituents, such as bulky methyl or halogen groups, have also received considerable attention in the design of porous materials with an efficient hydrogen-storage capacity and of nanoparticle materials for computer tomography (CT) contrast enhancement [27 -39] .
Recently, we have been engaged in studying the influence of solvents on the structures of a series of metal-BDC-Cl 4 polymers (including Mn II [32] , Cu II [33] , Co II [34] , and Pb II [35] ). For these solventinduced systems, it has been primarily suggested that the coordination properties of the solvent molecules strongly affect the spacial arrays of the coordination frameworks. For the fluorine-substituted BDC, introduction of bipyridyl co-ligands produces porous perfluorinated MOFs [31] . In mixed-ligand CPs, the terephthalate anion has been utilized with chelating bipyridyl co-ligands, such as 2,2-bipydrine (bipy) and 1,10-phenanthroline (phen) to establish both coordination bonds and robust aromatic π-π stacking interactions [21 -26] . These coordination arrays tend to be zigzag chains with few exceptions [25, 26] . Coordination frameworks with mixed ligands involving BDCCl 4 moieties have not been explored with the exception of monodentate pyridine as a solvent ligand [32] . Bipy generally chelates metal ions through both of its nitrogen atoms and acts as a terminal or capping ligand. Hybrid structures containing bipy are typically of lower dimensionality and can furnish recognition sites for aromatic stacking to construct complicated supramolecular arrays with promising luminescence properties [40] . As a continuation of investigations on coordination assemblies with the BDC-Cl 4 
Results and Discussion

Synthesis and general characterization
Complexes 1 and 2 can be prepared in water and methanol solvent media with a 1 : 1 : 1 acidic ligand/co-ligand/metal molar ratio. The ratios 2 : 1 : 2 and 2 : 2 : 1 gave the same products. The pH was adjusted to 7∼8 with triethylamine. The absence of intense infrared (IR) peaks at about 1720 cm −1 (ν C=O ) indicates the complete deprotonation of the carboxyl groups. The characteristic carboxylate peaks at 1620/1335 cm −1 (1) and 1604/1326 cm −1 (2), can be attributed to the antisymmetric and symmetric carboxylate stretching vibrations.
Structure of [Zn 2 (BDC-Cl
Single-crystal X-ray analysis has revealed that compound 1 crystallizes in the orthorhombic system, space group Pbca. The asymetric unit contains one Zn II ion, half a centrosymmetrical BDC-Cl 4 ligand, one chelating bipy ligand and one acetate ion, as well as one coordinated water molecule. The Zn II ion, which resides on an inversion center has a distorted octahedral coordination sphere, being surrounded by four oxygen donors from one carboxylate group of the BDC-Cl 4 ligand, one chelating acetate ion and one water molecule, and by two nitrogen donors from one bipy ligand, where O5 and N2 occupy the axial positions and the other donor atoms compose the equatorial plane (see Fig. 1a ). The BDC-Cl 4 serves as a bis-monodentate bridge in trans-pattern linking a pair of centrosymmetry-related Zn II centers to generate a binuclear structure with the Zn· · ·Zn separations of 8.621(1) Å. Within the BDC-Cl 4 ligand, the dihedral angle between the carboxylate group and the central phenyl plane is 77.99(2) • . The coordinated water molecule builds O5-H5A· · ·O4 and O5-H5B· · ·O2 interactions with the coordinated acetate anion and the uncoordinated carboxylate oxygen atom of BDCCl 4 . In this way, each dinuclear entity is joined to four such units into a 2D hydrogen-bonding network (see Fig. 1b ). There are significant π-π interactions between the bipy moieties and the aromatic rings of the dicarboxylate ligands to further stabilize the resultant 2D supramolecular framework.
Structure of {[Zn(BDC-Cl 4 )(phen) 2 ](CH 3 OH) (H 2 O)} n (2)
The structure of 2 is a one-dimensional coordination assembly with the asymmetric unit containing one Zn II π-π Interactions between the phen moieties and the aromatic rings of BDC-Cl 4 are found to further stabilize the chain, which is similar to the interactions in the binuclear unit of 1. Although the one-dimensional structure of 2 is somewhat similar to that of other Znphen terephthalate polymers [23, 24] , it is, in fact, constructed in a significantly different fashion. The onedimensional architecture of this zinc compound comprises a parallel aromatic stacking of phen and substituted benzene rings with Zn: phen = 1 : 2; in contrast, previously reported [23] one-dimensional Zn II polymers with mixed terephthalate and phen ligands are mostly further extended by the zipper-like π-π intercalation of the lateral phen ligands, in which the Zn II . Surprisingly, no further weak interactions are found to extend these decorated hostguest chains to a higher dimensional network.
Summary
In summary, 2,3,5,6-tetrachloroterephthalic acid (H 2 BDC-Cl 4 ) has been employed to assemble with Zn II ions in the presence of the co-ligands 2,2-bipydrine (bipy) or 1,10-phenanthroline (phen) to form a binuclear structure (1) and a zigzag chain structure (2), respectively. In both cases, the BDC-Cl 4 moiety accepts a bis-monodentate mode as the bridging ligand due to the stereochemical effects of the chlorine substitutents and the co-ligands. This work has provided the first examples of tetrachloroterephthalate coordination assembly with chelating co-ligands. Further investigation on mixed ligand tetrachloroterephthalate complexes are underway.
Experimental Section
Tetrachloroterephthalic acid (H 2 BDC-Cl 4 ) was prepared according to the procedures described in the literature [42] All the other reagents were obtained from local commercial suppliers and used without further purification. 1 H spectra were recorded on a Bruker Advance III 500 spectrometer. Fourier transform (FT) infrared data were collected on an Avatar-370 (Nicolet) spectrometer by transmission through the sample deposited on a KBr pellet Elemental analyses were performed on a CE-440 (Leemanlabs) analyzer. 2 = 3333b, 1620vs, 1542vs, 1444s, 1403s, 1335vs, 1118w,  1054m, 1022m, 937w, 845m, 771s, 736m, 683m, 652w , 631w, 615w. 
Synthesis of [Zn 2 (BDC-Cl 4 )(bipy)
a R1 = Σ ||F o | − |F c ||/Σ |F o |; b wR2 = [Σ w(F 2 o − F 2 c ) 2 /Σ w(F 2 o ) 2 ] 1/2 , w = [σ 2 (F 2 o ) + (AP) 2 + BP] −1 , where P = (Max(F 2 o , 0) + 2F 2 c )/3; c GoF = [Σ w(F 2 o − F 2 c ) 2 /(n obs − n param )] 1/2 .
Synthesis of {[Zn(BDC-Cl 4 )(phen) 2 ](CH 3 OH)(H 2 O)} n (2)
Complex 2 was synthesized in a similar way to that for 1, except that bipy was replaced by phen (18 
X-Ray crystallography
Single-crystal X-ray diffraction data for complexes 1 and 2 were collected on a Bruker Apex II CCD diffractometer equipped with graphite-monochromatized MoK α radiation (λ = 0.71073 Å) at room temperature. There was no evidence of crystal decay during data collection. The program APEX II was used for collecting frames of data, indexing reflections and determination of lattice parameters. A semiempirical absorption correction was applied using SADABS, and the program SAINT was used for integration of the diffraction profiles [43] . All structures were solved by Direct Methods with SHELXS and refined by fullmatrix least-squares calculation on F 2 with the SHELXL pro- Table 3 . Hydrogen-bonding geometries in the crystal structures of 1 and 2.
gram of the SHELXTL package [44, 45] . Hydrogen atoms bonded to carbon atoms were assigned to idealized positions with isotropic diaplacement parameters fixed at 1.2 times that of the attached atoms. N-and O-bound hydrogen atoms were localized in the difference Fourier maps and refined in subsequent refinement cycles. The isotropic displacement parameters for hydrogen atoms bonded to nitrogen and oxygen atoms were kept at a factor of 1.5. Crystallographic data and structural refinement parameters are summarized in Table 1 . Selected bond lengths and angles are listed in Table 2 , and hydrogen-bonding geometries are given in Table 3 . CCDC 961381 and 961382 contain the supplementary crystallographic data for this paper. These data can be obtained free of charge from The Cambridge Crystallographic Data Centre via www.ccdc.cam.ac.uk/data_request/cif.
